Twenty of 25 patients (80 %) experienced a Grade 3 or 4 adverse event.
Introduction
Four cycles of cisplatin-based chemotherapy is standard adjuvant therapy for patients with resected stage II-III non-small cell lung cancers (NSCLCs) [1] . Multiple randomized clinical trials have demonstrated a 9-31 % relative reduction in the risk of death with adjuvant cisplatin-based chemotherapy, most commonly a combination of cisplatin and vinorelbine [2] [3] [4] [5] . In 2008, the Lung Adjuvant Cisplatin Evaluation (LACE) meta-analysis of 4,584 patients enrolled on 5 randomized clinical trials demonstrated a 16 % relative reduction in the risk of death with adjuvant cisplatin-based chemotherapy in patients with resected stage II-III NSCLCs, borderline benefit in patients with stage IB disease, and no benefit for stage IA NSCLCs [6] .
The combination of cisplatin and vinorelbine has several dose-limiting toxicities, including neutropenia, fatigue, nausea, ototoxicity, and nephrotoxicity. Despite enrollment of fit patients with a median age of about 60, only 50 % of patients enrolled in phase 3 trials were able to complete 4 cycles of adjuvant cisplatin and vinorelbine [4, 7] . Phase II experience with adjuvant cisplatin and docetaxel at our institution (administered both weekly and every 3 weeks) found chemotherapy administration equally as difficult,
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with 31 % unable to complete 3 of 4 planned cycles with weekly docetaxel, and 55 % unable to complete 3 of 4 planned cycles with docetaxel administered every 3 weeks [8] .
In patients who have an absolute contraindication to cisplatin, such as allergy, renal insufficiency, or hearing impairment, or in those who have a borderline performance status increasing their susceptibility to treatment-related toxicities, there is no standard adjuvant therapy. Possible investigational therapeutic combinations include carboplatin-based and non-platinum chemotherapy regimens [9] .
This study aimed to assess the feasibility of delivering 4 cycles of a non-cisplatin adjuvant chemotherapy regimen (docetaxel and vinorelbine) to patients with completely resected NSCLCs who were ineligible to receive cisplatin. As the goal of adjuvant therapy is cure, we endeavored to give the maximally tolerated dose of both agents tested in earlier trials in individuals with stage IV disease: docetaxel 60 mg/m 2 and vinorelbine 45 mg/m 2 every 2 weeks with pegylated-filgrastim support.
Patients and methods
This study was a single-institution, phase II study approved by the Institutional Review Board and conducted between June 2008 and December 2011 at Memorial Sloan-Kettering Cancer Center. Patients had completely resected non-small cell lung cancers and were deemed by the treating physician to be ineligible for cisplatin-based adjuvant chemotherapy.
The primary endpoint was drug delivery as assessed by the proportion of patients who completed 4 cycles of chemotherapy. To constitute a full cycle, the patient must have completed 2 doses of both drugs, docetaxel (Taxotere ® , Sanofi-Aventis) 60 mg/m 2 and vinorelbine 45 mg/ m 2 every 2 weeks with pegylated-filgrastim support (Neulasta ® , Amgen) 6 mg subcutaneously. Secondary endpoints included dose intensity of chemotherapy delivered, as calculated by dose administered/dose planned × 100, dose density of vinorelbine (dose administered over time of study therapy), and toxicity as assessed by CTCAE version 3.0.
The protocol was designed to evaluate whether in patients who are deemed unfit for cisplatin or unlikely to benefit form cisplatin, this non-cisplatin containing adjuvant regimen of docetaxel and vinorelbine would improve drug delivery compared to adjuvant cisplatin and vinorelbine rates reported the NCIC JBR10 and ANITA trials, as assessed by the proportion of patients who completed 4 cycles of chemotherapy. The percentages of patients who completed 1-4 cycles in the published trials were NCIC JBR10: 1-80 %, 2-68 %, 3-58 %, 4-48 % and ANITA 1-90 %, 2-72 %, 3-61 %, 4-49 % [4, 5] . The planned sample size of 42 patients was chosen to allow distinction between a rate of completion of 45 % (considered not worthy of further investigation) and a desirable completion rate of 65 %, with a one-sided type I and type II error rates of 5 and 20 %, respectively. With these parameters, the trial would be considered successful if at least 24 of the 42 patients enrolled competed 4 cycles of therapy. Diseasefree (DFS) and overall survival (OS) probabilities were estimated using the Kaplan-Meier method from the date of surgery. Patients were followed until death or disease recurrence, whichever came first for disease-free survival (recurrence) analysis and until death for the overall survival analysis. Patients who did not experience the event of interest were censored at the time of the last available follow-up.
The study was designed according to the recommended phase II regimen used in advanced NSCLCs [10, 11] . After signing informed consent, patients received docetaxel 60 mg/m 2 and vinorelbine 45 mg/m 2 intravenously on day 1. This regimen is considered to be dose intense for patients with stage IV NSCLCs and requires prophylactic pegylated filgrastim 6 mg subcutaneously on day 2 after each dose, and prophylactic antibiotics to reduce the risk of febrile neutropenia. The prophylactic antibiotic regimen was ciprofloxacin 500 mg orally twice daily for 7 days starting 48 h after chemotherapy or an alternative antibiotic if ciprofloxacin allergic [10] . Treatment was repeated every 2 weeks with 2 doses of chemotherapy considered 1 cycle. Patients were prescribed standard dexamethasone premedication (4-8 mg orally the evening before, the morning of, and the evening after each dose of chemotherapy). A total of 4 cycles or 8 doses of chemotherapy were planned. Dose reductions, omissions, and delays were allowed for toxicities as specified in the protocol.
Results
Between June 2008 and September 2011, 25 of a planned 42 patients were enrolled in this study. Patient characteristics are summarized in Table 1 .
Drug delivery
Early experience demonstrated that the original doseintense regimen was not tolerable in the post-operative setting. Of the first 13 patients treated on study, 9 required reduction in the docetaxel dose prior to cycle 2 of 4 planned cycles. The reasons for the dose reductions were intolerable fatigue (n = 5), neutropenia despite pegfilgrastim (n = 2), epiphora (n = 1), and neuropathy (n = 1). These were all expected adverse events attributable to the chemotherapy. With dose reduction, 11/13 patients completed all 4 cycles of chemotherapy.
Thereafter, the protocol was amended, and the starting dose was lowered to docetaxel 45 mg/m 2 and vinorelbine 45 mg/m 2 intravenously every 2 weeks. This dose reduction did not alter the statistical design of the protocol. The original design allowed for dose reductions with patients completing 4 cycles of chemotherapy still counting toward the protocol's primary endpoint of cycle delivery.
The number (%) of patients who completed 1, 2 and 3 cycles was 24 (96 %), 23 (92 %), and 19 (76 %), respectively. Thirteen (52 %) of patients (95 % CI 34-70 %) received all four cycles of vinorelbine and docetaxel, the primary study endpoint. The reduced dose of docetaxel (45 mg/m 2 ) was not more effectively delivered than the initial dose of docetaxel (60 mg/m 2 ). The median delivered dose intensity (delivered dose/planned dose × 100) was 88 % (range 13-100 %) for vinorelbine for all patients, 84 % [95 % CI 60-100] for docetaxel starting at 60 mg/m 2 , and 78 % [95 % CI 47-100] for docetaxel starting at 45 mg/m 2 dose cohort. Treatment delays were common with a median treatment delay of each cycle by 1 week, range 0-6 weeks.
Toxicity
There were no treatment-related deaths. Twenty of 25 patients (80 %) experienced a serious (Grade 3 or 4) adverse event classified as either probably or definitely related to study treatment. These toxicities included neutropenia (15), anemia (4), febrile neutropenia (6), fatigue (10), hyperglycemia (3), epiphora (1), nausea/anorexia (1), neuropathy (1), pneumonitis (4), other dyspnea/cough (3), allergic reaction (1), venous thromboembolism (1), and vinca-associated pain crisis (1).
Efficacy
The median post-operative follow-up is 29 months (range 5-43 months). Eight patients have experienced disease recurrence (3 stage III), and 5 of these patients have died. The 2 year disease-free survival is 63 % (95 % CI 37-81), and overall survival is 89 % (95 % CI 63-97).
Discussion
A consistent theme in adjuvant chemotherapy trials in patients with resected NSCLCs is the inability to give the planned doses of the study drugs. Two of the three largest neoadjuvant chemotherapy trials in NSCLC, the National Cancer Institute of Canada (NCIC) JBR.10 and the Adjuvant Navelbine International Trialist Association (ANITA) studies, prescribed a planned 4 cycles of post-operative cisplatin and vinorelbine. Despite enrolling a relatively young and fit patient population with median age of 61 years in NCIC JBR.10 and 59 years in ANITA, only 50 % of patients completed all 4 cycles of chemotherapy [4, 7] . In this current phase II trial, 52 % of individuals completed 4 cycles, a comparable percentage to the cisplatin-based regimens studied in phase II and III trials, as summarized in Table 2 .
Several non-platinum regimens have been demonstrated to be equivalent to platinum-based doublets in patients with advanced disease [12] [13] [14] . While not compared in a randomized fashion, the highest reported response rate of a nonplatinum regimen in advanced disease is a phase II study of docetaxel and vinorelbine with an objective response in 51 % of patients and median survival of 14 months [10, 11] . Drug delivery of chemotherapy in patients with stage IV disease is limited primarily by progression of disease; nevertheless, the median number of treatments in the phase II study in patients with stage IV NSCLCs was 5 cycles (range 1-13 cycles) [14] .
In patients with stage IV NSCLCs in whom the goal is not cure, but symptom and disease control, avoiding toxicity is an important consideration, especially when there is little difference in survival when using a less toxic regimen. However, in the adjuvant setting where the goal is cure, efficacy and drug delivery are critical and the risk-benefit analysis is fundamentally different. In this study, docetaxel and vinorelbine were poorly tolerated in the adjuvant setting, with 80 % of our patients experiencing a Grade 3 or 4 toxicity. The rate of Grade 3 or 4 hematologic toxicities was comparable to the published cisplatin and vinorelbine trials (Table 2) , although non-hematologic toxicity totals cannot be directly compared to ANITA or JBR.10 based on the data reported [4, 5] .
Conclusion
This study found that adjuvant vinorelbine and docetaxel were difficult to administer in the post-operative setting with frequent Grade 3 or 4 toxicities. This delivery challenge was similar to the published experience with adjuvant cisplatin-based regimens. Alternative strategies, including predictive biomarkers, are desperately needed to identify patients with resectable lung cancers who should be treated with chemotherapy and with which drugs to treat. 
